Online resources for the bovine genome analysis are provided at the most important Web sites. Nonetheless, retrieval of single-nucleotide polymorphism (SNP)-related information is not always easy when searches must focus on complementary features. In this work, we present the Bovine SNP Retriever: a user-friendly tool for bovine SNP retrieval that also facilities the retrieval of SNP-related information within user-selected quantitative traits loci regions and reverse electronic polymerase chain reaction analysis on the bovine genome. The Bovine SNP Retriever is available at http://www.itb.cnr.it/ptp/bovine_snp_retriever/.
Information on the bovine genome and its related features is mainly available from the European Bioinformatics Institute (EBI) (http://www.ensembl.org/Bos_taurus/index. html), the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/projects/genome/ guide/cow/), and the Bovine Genome Database (http:// genomes.tamu.edu/bovine/) resources. Currently, these sites report data based on the Btau_3.1 genome build that was released in August 2006 by the Baylor College of Medicine (BCM), on behalf of the Bos taurus sequencing project (http://genome.gov/12512284). The NCBI dbSNP collection contains more than 2 200 000 Bos Taurus RefSNP Clusters (rs numbers) based on sequences submitted by the BCM itself and by a number of other submitters.
In this work, we present the Bovine SNP Retriever: a web facility for easy retrieval of bovine single-nucleotide polymorphism (SNP)-related information that allows searches to be centered on user-defined sequences. This bioinformatic tool was designed to provide user-friendly search interfaces and to allow direct access to preexisting information that was not easily connected. Two main features are here proposed that are novel, compared with what is offered by other web resources: the possibility to perform online reverse electronic polymerase chain reaction (re-PCR) on the bovine genome and the possibility to focus searches on user-selected quantitative traits loci (QTL) regions.
Program Description
The Bovine SNP Retriever bioinformatic core structure is a MySQL database. The entire bovine SNP data set was downloaded from the NCBI and used to fill in the database tables, and a web interface based on the PHP (Hypertext Preprocessor) language was prepared to allow querying of the database. All the accessory scripts that were needed were written either in Perl or in Python. As NCBI RefSNP Clusters are often associated to more than one position in the genome, the total number of records in the database does not correspond to the total number of SNP but to the total number of chromosome positions where SNP were identified. This has to be taken into account in query outputs, where the total number of matching records, and not the number of refSNP Ids, is displayed. From the home page of the Bovine SNP Retriever Web site, links are provided to the 3 main interfaces, devoted to BLAST search, SNP search, and re-PCR.
The BLAST Interface
From the BLAST page, users can blast sequences against the Bos Taurus 3.1 genome assembly. BLAST (Altschul et al. 1990 ) is run locally against a database composed of all the cow chromosomes (Chr1-29, ChrX, and ChrUnAll), downloaded from NCBI. Three BLAST options, corresponding to 3 stand-alone BLAST command lines, can be selected: MegaBLAST (parameters: Àe 1e À30 ), BLASTn (parameters: Àe 1e À10 ), and BLAST oligomer sequences (BLASTn algorithm, parameters: Àe 1000 ÀF F ÀW 7). Suitable e-value cutoffs can be selected by the user. Each time a BLAST search is run, users are given the possibility to retrieve SNPs that are present in the homologous regions that are identified, and these regions can be related to the QTL information. Although the standard stand-alone BLAST output format can be retrieved, the default format is tabular. This allowed us to add columns to the output table including links to the Ensembl database and to the identified SNPs page. Links to Ensembl are focused on regions homologous to the query sequence. From here, the corresponding FASTA sequence can be easily retrieved as well as all other information contained for that region in Ensembl. Links to the SNP page lead to tables where all the SNP that are present in each homologous region identified by the BLAST search are displayed with related information. Six additional links are supplied for each SNP: to the corresponding refSNP and submitted SNP pages of the NCBI dbSNP (rsID and Submission Data columns), to the NCBI Gene database (locus_id column), to the NCBI CoreNucleotide entry of the corresponding genomic contig (Contig column), to the identified QTL page (QTLs column), and to Ensembl, focused on the SNP position (chr_pos column). Links to the Gene database and to the QTL page are provided only when the identified SNP is within a known gene locus or QTL region. Depending on the user choice, BLAST outputs can be directly displayed in a browser window, downloaded, or received by e-mail.
The SNP Search Interface
The SNP Search interface allows combined searches to be performed on the whole SNP Retriever database. SNPs can be retrieved according to the chromosome, sequence interval, associated gene locus Id (NCBI Gene database identifier), NCBI RefSNP Id (rs number) and assay Id (ss number), QTL trait, function class, refSNP validation state, submitter, submitter SNP Id, and allelic variant. As each QTL trait combination can contain one or more QTL regions, the selection of specific regions can be achieved by combined queries (i.e., QTL trait and chromosome number). The SNP search page query outputs are tables, reporting all the SNPs matching the query terms, with related information and links to internal and external resources (NCBI dbSNP, Gene and CoreNucleotide databases, QTL page, and Ensembl) (supplementary figure S1, Supplementary Material online). SNP flanking regions and ratios of variant base to total coverage (i.e., number of occurrences of the variant base compared with the number of readings for that position) are also included in output tables, the latter to complement validation information that is available only for a limited number of SNP positions. Tables can be downloaded in xls format. If the number of records exceeds the ordinary Excel or OpenOffice maximum size, outputs are automatically split in more than one file.
Reverse Electronic PCR on the Bovine Genome
In the re-PCR page, users can perform reverse e-PCR on the Btau_3.1 genome build. Re-PCR (Schuler 1997 ) is run locally by the appropriate software downloaded from the NCBI ftp site, with standard parameters: users are given the possibility to choose the maximum number of allowed mismatches and gaps. When a putative amplification fragment is detected, SNPs in the identified sequence interval are searched (and matches to QTL regions are identified) and a SNP output page is created. As for the BLAST outputs, the re-PCR outputs are presented as tables containing the chromosome position and sequence interval of the putative amplicon as well as the links to the Ensembl database and to the SNP output page.
Linking SNP and QTL Information
Information for QTL traits and regions was derived from the Bovine QTL viewer and database at the Texas A&M University (http://bovineqtlv2.tamu.edu/index.html) (Polineni et al. 2006) . From data available at this site, a list of QTL traits was obtained, encompassing QTL regions surrounding sequence tagged sites (STS) information. Correspondences among STS names and NCBI UniSTS identifiers and consequent positioning of UniSTSs on the cow chromosomes in base pairs were deduced from files downloaded from the NCBI ftp site. As not all the UniSTS db entries have complete position information, chromosome positions in base pairs were retrieved only for 70.4% of the QTL regions that are listed at the Texas A&M University site. As a result, a list of 519 QTL regions with matching chromosome positions was added to the Bovine SNP Retriever database. Each time a SNP is identified (by direct SNP search or by the analysis of sequence intervals identified by BLAST or re-PCR), a search is performed to verify if the retrieved SNP is within one or more QTL regions. When a match is identified, a link is put in the SNP output table to the correspondent QTL table, where full information on QTL start and end markers is given, together with links to the Texas A&M University page dedicated to the corresponding QTL region.
Availability and System Update
The Bovine SNP Retriever is available online for free use at http://www.itb.cnr.it/ptp/bovine_snp_retriever. Due to the large size of the BLAST and re-PCR databases, limits have been set to prevent excessive queuing. Currently, not more than 3 BLAST and 3 re-PCR sessions can be simultaneously run, and a limit of 50 kB is set for uploadable files.
The current version of the Bovine SNP Retriever uses the bovine 3.1 genome assembly; however, the database will be updated as new versions are released and are completely processed by the NCBI and Ensemble Web sites. The BLAST and the re-PCR databases will also be upgraded, in order to ensure data consistency among the different parts of the Retriever. The consistency of external links is periodically verified by an automated procedure.
Supplementary Material
Supplementary Figure 1 can be found at http://www.jhered. oxfordjournals.org/.
